tion of the procedures for performance of aortic measurements is lacking.
METHODS To characterize the diversity of methods used in clinical practice, we compared aortic measurements performed by echocardiography, computed tomography (CT), and magnetic resonance imaging (MRI) at the 6 GenTAC (National Registry of Genetically Triggered Thoracic Aortic Aneurysms and Cardiovascular Conditions) clinical centers to those performed at the imaging core laboratory in 965 studies. Each center acquired and analyzed their images according to local protocols. The same images were subsequently analyzed blindly by the core laboratory, on the basis of a standardized protocol for all imaging modalities. Paired measurements from clinical centers and core laboratory were compared by mean of differences and intraclass correlation coefficient (ICC).
RESULTS For all segments of the ascending aorta, echocardiography showed a higher ICC (0.84 to 0.93) than CT (0.84) and MRI (0.82 to 0.90), with smaller mean of differences. MRI showed higher ICC for the arch and descending aorta (0.91 and 0.93). In a mixed adjusted model, the different imaging modalities and clinical centers were identified as sources of variability between clinical and core laboratory measurements, whereas age groups or diagnosis at enrollment were not.
CONCLUSIONS By comparing core laboratory with measurements from clinical centers, our study identified important sources of variability in aortic measurements. Furthermore, our findings with regard to CT and MRI suggest a need for imaging societies to work toward the development of unifying acquisition protocols and common measuring methods. T horacic aortic aneurysms are associated with a number of genetic and familial syndromes and predispose patients to catastrophic events including aortic rupture and dissection (1, 2) .
In these patients, aortic size is the most powerful predictor for such events (3) (4) (5) . Therefore, imaging of the thoracic aorta plays a major role in risk stratifying individuals and in determining timing of surgical intervention (6) . However, there is variability in the methods used to perform aortic measurements across professional guidelines and centers of Adjusted least squares means of the differences in measurements were obtained from these mixed models. All analyses were performed using SAS version 9.3 (SAS Institute, Inc., Chicago, Illinois). A retrospective survey of the GenTAC clinical centers showed substantial variability in the methodology used for analyzing CT and MRI images between centers in regard to timing in the cardiac cycle (some in systole, some diastole, majority using nongated images), or leading edge-to-leading edge versus inner edge-to-inner edge techniques. In contrast, methodology of echocardiographic analysis was less variable. Echo acquisition and readings consistently followed American Society of Echocardiography (ASE) recommendations for aortic measurements in pediatric populations (used for both pediatric and adult patients; systolic, inner edge to inner edge [9] ) except for 1 center that followed the recommendations for adults (diastolic, leading to leading edge) (10, 11) .
RESULTS

GenTAC
Importantly for all 3 imaging modalities, the methodology used to measure pediatric and adult patients was consistent within centers. 
Standardized Methods to Measure Aorta
AGREEMENT BETWEEN CLINICAL CENTERS AND iCORE ACCORDING TO IMAGING MODALITY
Indices of agreement and correlation of measurements between clinical centers and the iCORE for each imaging modality are presented in Table 2 (echocardiography), Table 4 ). The mean of differences was in the range of 0.002 to 0.12 cm.
Unfortunately, the number of cases with available MRI measurements for comparison at the annulus, sinotubular junction, and isthmus was too small to allow a meaningful analysis.
Overall, TTE demonstrated a higher ICC with lower magnitude of mean of differences in measures of the proximal aortic segments (sinuses of Valsalva to the ascending aorta) than CT and MRI. However, the ICC Fields marked with * were not calculated as n < 20. Absolute diameters are reported as per iCORE measurements. Mean of differences are reported as clinical center minus iCORE; therefore, a negative value reflects iCORE measurements larger than centers and vice versa.
Abbreviations as in Table 2 . Fields marked with * were not calculated as n < 20. Absolute diameters are reported as per iCORE measurements. Mean of differences are reported as clinical center minus iCORE; therefore, a negative value reflects iCORE measurements larger than centers and vice versa.
CT ¼ computed tomography; other abbreviations as in Table 2 .
Asch et al. The sources of variability in measurements may be attributed to both the acquisition and measurement techniques. In both aspects, echocardiography has been standardized for many years (9, 12, 13) , in contrast to CT and MRI for which consistency is still lacking. Although ASE guidelines for pediatric (9) and adult populations (10,11) recommend different measuring protocols, they both agree on the acquisition techniques to be used. However, with the goal of improved reproducibility, the inner to inner edge technique has been used in some studies and is often advocated for by experts (14, 15) . Importantly, recent data suggest that this difference in measurement techniques may not be as great as initially thought and therefore not as clinically significant on its own In this model adjusted to age groups, enrollment diagnosis and imaging modalities the mean of differences is statistically significant between different clinical centers (CC) (p value for the F statistics <0.05) at the AVA, SV, Asc Ao, and Tr Arch segments.
Mean of differences are reported as CC minus iCORE; therefore, a negative value reflects iCORE measurements larger than centers and vice versa. Abbreviations as in Standardized Methods to Measure Aorta
